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RELATED PUBLICATIONS
The Applicants are co-authors of the following articles directed to the Subject matter of the present invention: Bucala, R., et al., "Glucose Reacts With Phospholipids to Initiate Advanced Glycosylation and Fatty Acid Oxidation:
Mechanism for the Oxidative Modification of LDL In Vivo, (Submitted).
TECHNICAL FIELD OF THE INVENTION
The present invention relates generally to the non enzymatic glycosylation of proteins and other biomolecules and the often consequent formation of advanced glycosyla tion endproducts (AGES), and particularly to the formation of lipid-AGES and the role that glycosylated lipids and lipoproteins may play as markers and actors in conditions Such as atherOSclerosis and diabetes.
BACKGROUND OF THE INVENTION
Glucose and other reducing Sugars attach non enzymatically to the amino groups of proteins in a concentration-dependent manner. Over time, these initial Amadori adducts undergo further rearrangements, dehydra tions and croSS-linking with other proteins to accumulate as a family of complex Structures which are referred to as Advanced Glycosylation Endproducts (AGES). Beginning with the early work of the present applicants and extending to the present, Substantial progreSS has been made toward the elucidation of the role and clinical Significance of advanced glycosylation endproducts, So that it is now acknowledged that many of the conditions heretofore attributed to the aging proceSS or to the pathological effects of diseases Such as diabetes, are attributable at least in part to the formation of AGES in vivo.
Advanced glycosylation tends to occur on molecules with long half-lives, under conditions of relatively high Sugar concentration, Such as in diabetes mellitus. Numerous Stud ies have Suggested that AGES play an important role in the Structural and functional alteration which occurs during aging and in chronic disease. Additionally, advanced glyco Sylation endproducts are noted to form more rapidly in diabetic and other diseased tissue than in normal tissue.
A particular area that has received attention in light of the Series of discoveries regarding the relationship of advanced glycosylation of proteins to the etiology of conditions Such as diabetes and aging, has been the Set of events that coincide in the development of Vascular disease. Specifically, the formation of atherOSclerotic lesions and In this connection, research connected with the phenom enon of protein glycosylation has been extended in Scope to a broad variety of biological molecules in an effort to first identify the existence of AGE formation in these diverse compartments, and thereafter, to determine the Significance, if any, that may be attributable thereto. It is in this context that the discovery of a reaction of this type involving lipids as defined later on herein (eg. the formation of AGE-lipids), was initially presented in parent Application Ser. No. 07/887,279, referred to hereinabove and incorporated herein.
The formation and existence of AGE-lipids was postu lated and observed in the Said parent application, and the Significance of these materials as markers and actors in the conditions already associated with the presence of AGES, was likewise noted. AS Stated therein, AGE-lipids are impor tant biologically. The formation of AGES on lipids has been observed to begin the lipid oxidation proceSS and thus may render these Species more active biologically and chemically, and in particular, more prone to deposition on the interior of blood vessels. It is therefore believed that AGE-lipids may be involved to varying degrees in atherOSclerosis, Stroke and other vascular disease. The "family" of AGES includes species which can be isolated and characterized by chemical Structure, Some being quite Stable, while others are unstable or reactive. AGE lipids may also be stable, unstable or reactive.
When used with reference to endogenous lipids, AGE lipid compounds are typically formed non-enzymatically in Vivo. However, AGE-lipid compounds can also be produced in Vitro by, e.g., incubating a mixture of a reducing Sugar and a Suitable lipid, e.g., a lipid bearing an amino group, or by other methods in vitro, Such as chemical coupling of AGES and AGE models to biological macromolecules.
The reaction between reducing Sugars and the reactive groups of lipids may initiate the advanced glycosylation process. This process typically begins with a reversible reaction between the reducing Sugar and the reactive group to form a Schiff base, which proceeds to form a covalently bonded Amadori rearrangement product. Once formed, the Amadori product undergoes further rearrangement to pro duce the AGE-modified compound.
Although these reactions occur slowly, lipids may accu mulate a measurable amount of AGES in Vivo. The resulting AGE-lipids may reduce the Structural and/or functional integrity of organs and organ parts, modify the metabolism, or otherwise reduce or impair host function.
As stated in Parent application Ser. No. 07/887,279, the formation of AGE-lipids is believed to presage atherogen esis and to induce fatty acid oxidation.
Correspondingly, it was disclosed that aminoguanidine, an established inhibitor of protein advanced glycosylation also inhibits AGE-lipid formation.
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The parent application also disclosed that aminoguanidine reacts directly with malonyl dialdehyde (MDA)-like fatty acid oxidation products, to inhibit the role that they play in continued atherogenesis. This finding was further confirmed in Picard et al. (1992) cumulative with experiments presented earlier by applicants with respect to this Specific mechanism of aminoguanidine action, but are limited by the Specific in Vitro environment chosen, as the physiological oxidation of lipids to form the reactive aldehydes to which aminoguanidine is confirmed to bind in the context of the present invention, will not occur by the means utilized in the article.
More particularly, in vitro Studies Suggest that the Oxida tive modification of lipids proceeds via free radical mediated oxidation of unsaturated bonds that are present within fatty acid residues (12, 13) . Polyunsaturated fatty acids are particularly Sensitive to oxidation because meth ylene hydrogens located between paired double bonds are easily abstracted by radical-catalyzed reactions. Diene con jugation occurs and hydroperoxides form. This is followed by fatty acid decomposition, the formation of reactive aldehydes, and in the case of LDL, the covalent modification of apoprotein residues (12, 14, 15) .
The biochemical processes that initiate lipid oxidation in Vivo remain poorly understood. Triplet oxygen is a poor oxidant under normal, physiological conditions and Signifi cant oxidation of LDL in vitro occurs only after the addition of micromolar concentrations of divalent metals Such as copper. Lipid oxidation is prevented completely in these incubations by the inclusion of metal chelatorS Such as EDTA (15) . LDL oxidation also occurs in diverse cell culture Systems and can be inhibited partially by pharma cological blockade of cellular lipoxygenases (16) . The pre cise role of reactive oxygen Species in the oxidative modi fication of lipids in vivo has not been determined, however. Low trace metal concentrations, the high availability of ligands that form tight coordination complexes with metals, and the abundant anti-oxidant capacity of plasma Suggest that metal-catalyzed autoxidation and reactive oxygen Spe cies play little, if any role in mediating lipid oxidation in vivo (17) (18) (19) .
Since the filing of the parent application, further Studies have more fully revealed and likewise confirmed the Sig nificance of the findings presented therein. Accordingly, it is toward the presentation of these findings and the further elaboration of the various earlier stated embodiments of the invention that the present disclosure is directed.
SUMMARY OF THE INVENTION
In a first aspect of the invention, the in vivo oxidation of lipids has been determined to be initiated by the reaction of such lipids to form AGE-lipids as defined herein. Accordingly, the invention extends to a method for modu lating the in Vivo Oxidation of lipids by controlling the formation and presence of AGE-lipids. A corresponding diagnostic utility comprises the measurement of the course and extent of in Vivo lipid oxidation by a measurement of the presence and amount of AGES and particularly, AGE-lipids as defined herein. An assay is included that may use the AGE-lipids of the present invention to identify disease States characterized by the presence of AGE-lipids. Additionally, Such an assay can be utilized to monitor therapy and thus adjust a dosage regimen for a given disease State character ized by the presence of AGE-lipids.
More particularly, as the in vivo oxidation of lipids is related to the onset and course of atherOSclerosis, the control of in Vivo lipid oxidation represents a therapeutic Strategy for its treatment, and the invention thus comprises a method for treating atherosclerosis by inhibiting the formation of AGE-lipids. Likewise, the measurement of AGE-lipid levels in mammals represents a method for diagnosing the likeli hood or onset of atherosclerosis, or measuring the course or Severity of the disease. AS noted above, AGE-lipids are useful as markers of a variety of conditions in which the fluctuation in lipid levels may reflect the presence or onset of dysfunction or pathol ogy. AGE-lipids are also lipid-Soluble and are useful alone and in conjunction with known carriers and delivery vehicles, Such as liposomes, for the transport of therapeutic and other agents, including in certain instances the AGE moieties themselves, acroSS membranes and epithelial layers, for example, to particular sites in a patient for treatment. The particular site of interest may be one which has at least one AGE receptor which recognizes the AGE lipid or a portion thereof.
A method of preparing AGE-lipids is also disclosed which comprises incubating the lipid with an advanced glycosyla tion endproduct or a compound which forms advanced glycosylation endproducts for a length of time Sufficient to form said AGE-lipid.
Pharmaceutical compositions are also disclosed that com prise an AGE-lipid in combination with a pharmaceutically acceptable carrier. Such pharmaceutical compositions may include an additional active agent(s) in Some instances, and may be prepared and used for oral, parenteral or topical, e.g., transdermal, Sublingual, buccal or transmucosal delivery. AS Stated, the pharmaceutical compositions can be in the form of a liposome in certain instances.
Further, and as Set forth in Applicants' parent application, AGE-lipids also demonstrate therapeutic utility and may accordingly be prepared as described above, for administra tion in controlled quantities to Stimulate the uptake and removal of Senescent macromolecules, to promote skin rejuvenation or remodeling by Such activity, and to Serve as a drug delivery means. In this connection, the AGE-lipids and pharmaceutical compositions containing them may be prepared and administered as and where appropriate.
A further embodiment of the invention relates to the concomitant discovery that the in vivo oxidation of LDL is likewise initiated by the formation of LDL advanced gly cosylation endproducts (AGE-LDL). AGE-LDL may be formed by reaction with glucose or another in vivo-resident reducing Sugar, an advanced glycosylation endproduct, or active fragments thereof, including AGE peptides circulat ing in the Serum of a mammal. More particularly, the formation of AGE-LDL comprises the attachment of AGE moieties to either or both the lipid and apoprotein components, in the latter instance to form AGE-apo B.
Apo B, in turn, has a region within its receptor binding domain that is susceptible to AGE modification. This site may be protected from AGE modification as part of a therapeutic Strategy, and may also serve as the focal point of a drug discovery assay or receptor assay in a diagnostic COnteXt. S Accordingly, the invention includes a method for diag nosing or monitoring conditions in which Serum LDL or cholesterol levels are abnormal comprising measuring the presence and amount of a marker Selected from AGE-lipids, AGE-LDL and AGE-apo B. The stated method may be used for example, to diagnose or monitor atherosclerosis and diabetes. A corresponding therapeutic method comprises the treatment of a mammal to modulate, and in the majority of instances, to lower serum LDL or cholesterol levels, by the administration of an agent that Serves to modulate AGE LDL levels, and specifically to inhibit the formation of AGE-LDL.
Also, a method of modulating lipid metabolism in a mammal in need of Such treatment is included. The method comprises administering to Said mammal a lipid metabolism-modulating effective amount of an agent that can modify the recognition and removal of lipids from Serum, and more particularly, Such agents as can modify the recognition and binding of apo B by LDL receptors.
Generally, the therapeutic methods of the present inven tion contemplate the inhibition of in vivo lipid oxidation, LDL level increases or apo B modifications, by the admin istration of an agent or a pharmaceutical composition con taining Such agent or a plurality of Such agents, for the inhibition of the formation of advanced glycosylation end products involving any or all of the lipid and lipid-related materials Subject to Such in Vivo oxidation. Such agents comprise antagonists of advanced glycosylation, and include antibodies to AGES, antibodies to AGE-lipids, antibodies to AGE-LDL, antibodies to AGE-apo B, as well as other ligands that would bind and neutralize the foregoing anti gens. Suitable agents may also be Selected from those agents that are reactive with an active carbonyl moiety on an early glycosylation product, and preferably are Selected from aminoguanidine, C.-hydra Zinohistidine, analogs of aminoguanidine, and pharmaceutical compositions contain ing any of the foregoing, all as recited in detail herein. The inventions Set forth herein contemplate the discovery of additional agents that may then be used in like fashion and for like purpose.
In an alternate embodiment and as described in Appli cants parent Application, the in Vivo oxidation of lipids, once initiated, is driven by the presence and activity of the lipid peroxidation breakdown products. These include lipid peroxides as well as highly reactive aldehydes Such as malonyl dialdehyde (MDA). These aldehydes can react with and/or crosslink to proteins, for example, through available free amino groups. Inhibitors of AGE formation Such as aminoguanidine may be used to inhibit the activity of these reactive aldehydes by reacting directly with them. Accordingly, a therapeutic Strategy for the treatment of atherosclerosis or other conditions in which LDL levels, cholesterol levels or lipid levels generally, are undesirably high comprises the administration of a therapeutically effec tive amount of an agent capable of neutralizing the activity of the reactive aldehyde products of in vivo lipid oxidation. Preferred inhibitors include the agents and antagonists recited above, and other materials disclosed herein.
Accordingly, it is a principal object of the present inven tion to modulate and control the in vivo oxidation of lipids and lipid-like moieties by controlling the formation of advanced glycosylation endproducts (AGES), and particu larly AGES involving Such lipid and lipid-like moieties.
It is a further object of the present invention to provide a method for diagnosing conditions in which abnormal lipid oxidation is a characteristic, by detecting and measuring the presence and extent of lipid-AGE formation. It is a still further object of the present invention to provide a method for diagnosing and treating atherOSclerosis by measuring and inhibiting the formation of AGE-lipids.
It is a still further object of the present invention to provide a method for lowering serum LDL levels, by inhib iting the formation of AGES including AGE-lipids.
It is a still further object of the present invention to provide a method for identifying new drugs and correspond ing agents capable of treating abnormal lipid oxidation, by use of an assay involving AGE-lipids.
It is yet another object is to utilize AGE-lipids to treat certain diseases and conditions, Such as Skin conditions, or to utilize the AGE-lipid moieties for purposes of delivering disease-treating medications to particular biologically active Sites.
It is a still further object of the present invention to identify AGE-lipids and methods of inhibiting the formation in instances or disease conditions where the presence or biological activity of these AGE-lipids is detrimental to the host organism, or indicative of the presence of a disease State in the host organism.
Other objects and advantages will be apparent from a consideration of the ensuing detailed description which proceeds with reference to the following illustrative draw ings. As used herein, the term "AGE-" refers to the compound which it modifies as the reaction product of either an advanced glycosylation endproduct or a compound which forms AGES and the compound So modified, Such as the lipid moiety. AGE-lipids can be formed in vitro by reacting a lipid as defined herein with an AGE, Such as AGE-peptide, or either in vitro or in Vivo with a compound Such as a reducing Sugar, e.g., glucose, until the lipid is modified to form the AGE-lipid.
"Lipid' is used in the conventional sense to refer to materials that are Soluble to a greater or lesser degree in organic Solvents, like alcohols, and relatively insoluble in aqueous media. Thus, the term "lipid' includes compounds of varying chain length, from as short as about 2 carbon atoms to as long as about 28 carbon atoms. Additionally, the compounds may be Saturated or unsaturated, and in the form of Straight-or branched-chains or in the form of unfused or fused ring Structures. Further, these lipid compounds can be optionally linked to other moieties, So long as at least one primary amino group, or other crosslinkable or otherwise reactive group, is present in the molecule.
The term "lipid-related materials" is used herein to encompass not only lipids as conventionally understood and as defined above, but those particles, aggregates and com ponents thereof that are found in connection with lipid moieties. Examples of lipid-related materials included he rein include fatty acids, Sterol-type molecules, triglycerides, phospholipids, and lipoproteins including apo lipoproteins. Preferred lipid-related materials include as the AGE-reactive groups one or more primary amino groups. It is particularly preferred to include at least one primary amino group reactive with AGES and compounds which form AGES.
The lipid-related materials that are of primary interest are those that react to form advanced glycosylation endproducts. The resulting AGES are given herein the common designa tion of "AGE-lipid(s)" for purpose of convenience and consistency, it being understood that this designation will include within its scope AGES formed literally with lipid moieties alone, as well as AGES formed with lipid-related materials. Such as apolipoproteins. The use of the term "AGE-lipid(s)" in accordance with the present invention is therefore intended to cover Such diverse materials within its Scope.
Those lipid-related materials that are preferably used in the preparation of the AGE-lipids affirmatively used in the diagnostic and therapeutic methods of the present invention, are phospholipid compounds containing primary amino groups, Such as phosphatidylethanolamine. Other lipid related materials also useful in the present invention are the lipoproteins, particularly those involved in atherogenesis, i.e., low-density lipoproteins (LDLS), and the apolipopro teins that comprise the protein component of LDL, and in particular, apolipoprotein B (apo B).
The AGES that may be employed to prepare AGE-lipids include such species as 2-(2-furoyl)-4(5)-(2-furanyl)-1H imidazole ("FFI"); 5-hydroxymethyl-1-alkylpyrrole-2-carbaldehyde ("Pyrraline"); 1-alkyl-2-formyl-3,4-diglycosyl pyrrole ("AFGP"), a non-fluorescent model AGE, carboxymethyllysine, and pentosidine. These com pounds have been isolated and characterized as the reaction products which form following the formation of Amadori reactions. However, the in vivo formation of AGES and the incubation of lipids with AGES or compounds which form AGES likely forms AGE species not recited above. Consequently, the invention is not limited to these precise chemical compounds, Since other AGE compounds can be formed or have a role in accordance with the teachings herein. Thus, the term AGE can refer to the advanced glycosylation endproduct which the lipid is reacted with as well as the particular form which is produced according to the reaction.
AS Stated earlier, the present invention is based on the discovery that a relationship exists between lipid oxidation and metabolism, and the in Vivo formation of advanced glycosylation endproducts on lipid-related materials as defined hereinabove (AGE-lipids). Particularly, and as Sup ported by the data presented in the parent Application and herein, AGE-lipids appear to initiate lipid oxidation, reduce the efficiency and operation of the body mechanism for LDL clearance by the interruption of normal receptor binding between the apolipoprotein B portion of LDL and appropri ate LDL receptors, and leads to increased levels of plasma lipids Such as low density lipoproteins (LDL).
This latter observation is believed to reflect the existence of a site for the formation of AGES that is either adjacent or within the LDL receptor binding domain of apo B. The result of the formation of an AGE on apo B is believed to subject apo B to preferential uptake by macrophage "Scavenger' receptors with concomitant inhibition of interaction with the LDL receptor, with the result that the LDL molecules are avidly consumed by the macrophage leading to the forma tion of undesired foam cells that contribute to atherosclerotic plaque formation. It is therefore of primary interest and importance as a therapeutic Strategy, to treat atherosclerosis in more than one way, first by the inhibition of AGE formation and lipid oxidation that, in turn, leads to increased plasma LDL levels, and Secondly, to restore the full func tionality of apo B uptake by LDL receptors and to avert the formation of undesired foam cells by the consumption of LDL by the macrophage.
A further discovery in accordance with the present inven tion that forms yet an additional aspect thereof, is the observation that the oxidation of lipids, while initiated by AGE-lipid formation, is further perpetuated by the circula tion of certain lipid oxidation byproducts. Also, fatty acid oxidation products Such as the malonyl dialdehyde-like compounds participate in protein modification by reaction with free available amino groups. It therefore is desirable as a further therapeutic Strategy to neutralize the activity of these oxidation byproducts by a reaction of an appropriate neutralizing agent therewith.
AS part of the present invention and as Set forth in Applicants' parent disclosure, the inhibitors of advanced glycosylation identified earlier and listed herein in detail, including aminoguanidine, C.-hydrazinohistidine, lysine and corresponding analogs, have been found and confirmed to react in such fashion with the MDA-like byproducts and to neutralize the same So that they no longer participate in the modification of proteins. The present invention is not con sidered to limited or to depend upon a particular mechanism of action, and the foregoing is merely illustrative of the observed beneficial activity of the noted inhibitors.
In View of the above, the present invention includes a dual therapeutic Strategy where agents Such as aminoguanidine may be administered to inhibit in vivo AGE-lipid formation and consequent initiation of lipid oxidation, and to react with any byproducts of an ongoing lipid oxidation to prevent reaction of these byproducts with proteins as described above.
More particularly, the present invention relates to a method of modulating lipid metabolism including the con trol and adjustment of Such metabolism either to increase or decrease same, by the administration to a mammal or host in need of Such treatment, of a lipid metabolism-modulating effective amount of a particular agent or group of agents that are capable of modifying the recognition and removal of lipids from Serum, which agents are importantly capable of controlling the formation of AGES, and particularly AGE lipids. In Selected instances, Such as where predetermined quantities of AGE-lipids may act to Stimulate the Systems of the host to adjust lipid metabolism for therapeutic benefit, the method includes the administration of such AGE-lipids by means described herein in detail.
The lipids Subject to advanced glycosylation are as recited earlier, Selected from amine-containing lipids, low-density lipoproteins, and apolipoproteins, and particularly in the last mentioned instance, apo B. The method may be practiced to lower low-density lipoprotein levels in a patient, and is applicable for example, to the prevention and/or treatment of hypercholesterolemia, atherOSclerosis, and kidney failure.
The agents contemplated for use in this method include materials Selected from the group consisting of antibodies against advanced glycosylation endproducts, ligands, including AGE receptors and active fragments thereof, capable of binding to and neutralizing advanced glycosyla tion endproducts, and compounds capable of inhibiting the formation of advanced glycosylation endproducts. Suitable antibodies include polyclonal antibodies, monoclonal antibodies, chimeric antibodies, and active fragments thereof, all as discussed in detail below. These agents are administered to restore effective lipid metabolism and to correspondingly reduce lipid oxidation. The foregoing appreciates that lipid metabolism is in part controlled by the effective binding of the apolipoprotein apo B to the LDL receptor, So that any compounds or agents contemplated for use in this aspect of the invention, would be capable of interacting with the receptor binding domain of apo B to avert the formation of AGES adjacent to or therewithin, and to render Such receptor binding domain recognizable by the LDL receptor.
AS mentioned previously and as Supported by one of the examples presented later on herein, it has been observed that Such AGE-peptides take an affirmative role in the formation of AGE-lipids and likewise participate in the promotion and acceleration of lipid oxidation and the various consequences thereof. It is therefore desirable, in the instance where Such activity is to be inhibited, to neutralize Such AGE-peptides by reacting with them to prevent them from promoting further AGE formation. In this connection, aminoguanidine and like inhibitor compounds can be administered.
Concomitant with the above therapeutic Strategies are effective diagnostic protocols that may be employed to determine the onset and course of a condition whose mea Surable variable may include lipid oxidation, by resort to the detection and measurement of the extent of advanced gly cosylation of lipids. More particularly, AGE-lipid formation may be detected by means such as the AGE-ELISA devel oped by the present inventors, to determine the extent of AGE-lipid formation and to thereby assess the extent of lipid oxidation, and consequent effects on plasma LDL levels. Accordingly, measurable increases in lipid oxidation and plasma LDL levels will signal the development and onset of hypercholesterolemia and atherogenesis, So that the present method may be effectively employed to diagnose and moni tor the development of vascular disease, and particularly atherOSclerosis. Likewise, the presence of AGE-lipids is also reflective of the development and existence of diabetic conditions Such as diabetic retinopathy, diabetic and non diabetic nephropathy, and the like, So that the present diagnostic methods may be used to measure the develop ment and Severity of these conditions as well.
With respect to the effect that advanced glycosylation endproduct formation exerts on the ability to clear low density lipoproteins by the recognition and binding of apo B to the LDL receptor, the present invention contemplates and includes the full identification of the receptor binding domain of apo B, and particularly those portions of the receptor binding domain that are presently Susceptible to AGE formation. For example, and as Set forth later on herein, Applicants have discovered that a particular Segment of the receptor binding domain defines lysine with flanking arginine residues, that most likely Serves as a Site for the formation of the advanced glycosylation endproduct with apo B. Accordingly, the receptor binding domain may serve as the focal point for a drug discovery assay, where, for example, apo B may be immobilized, and incubated both with agents conducive to the formation of an AGE on the binding domain thereof, and a quantity of a particular drug or inhibitory agent under test. The extent to which the drug serves to either bind with the AGE and thereby inhibit apo B AGE formation, or binds directly with apo B and thereby prevents the Same, could then be measured. This particular assay could be prepared as a receptor assay in conjunction with the LDL receptor, to determine whether the apo B receptor binding domain is disabled after incubation with an AGE/AGE-forming materials and a particular drug under test. Both possibilities for drug discovery assays are con templated herein and are considered within the Scope of the present invention.
Both the diagnostic and therapeutic methods of the present invention contemplate the use of agents that have an impact on the formation of AGE-lipids. Among these agents, antibodies to AGES and other ligands may be prepared and used. These terms are defined below.
The term "antibody' includes any immunoglobulin, including antibodies and fragments thereof that binds a Specific epitope, and Such general definition is intended to apply herein. The term therefore encompasses polyclonal, monoclonal and chimeric antibodies, the last mentioned described in further detail in U.S. Pat. Nos. 4 antibody molecule portions are also well-known and are produced from F(ab') portions followed by reduction of the disulfide bonds linking the two heavy chain portions as with mercaptoethanol, and followed by alkylation of the resulting protein mercaptain with a reagent Such as iodoacetamide.
The phrase "monoclonal antibody' in its various gram matical forms refers to an antibody having only one Species of antibody combining site capable of immunoreacting with a particular antigen. A monoclonal antibody thus typically displays a single binding affinity for any antigen with which it immunoreacts. An antibody may be prepared having a plurality of antibody combining Sites, each immunospecific for a different antigen; e.g., a bispecific (chimeric) antibody.
Likewise, the term "ligands' includes Such materials as AGE derivatives that would bind to AGE-binding partners, and would include Such materials as are prepared by the reaction of AGES with avidin or biotin, or the preparation of Synthetic AGE derivatives that may be prepared from reduc ing SugarS Such as glucose, glucose-6-phosphate (G-6-P), The term "AGE binding partners" is intended to extend to anti-AGE antibodies and to other cellular AGE binding proteins or receptors for AGES, which AGES may be found on peptides, molecules and cells.
AS discussed above, the present invention extends to the preparation and use of AGE-lipids in a variety of diagnostic and therapeutic contexts. With respect to the formation of AGE-lipids, the compounds which form AGES are typically reducing SugarS. Reducing SugarS or the AGES themselves can react with the lipids to form AGE-lipids. However, in in Vitro techniques, it is likely that a compound which forms AGES, Such as a reducing Sugar, will be used. Examples of reducing Sugars include glucose, fructose, ribose and glucose-6-phosphate.
AGE-lipids can be affirmatively used in the treatment, rejuvenation or remodeling of skin. For example, the AGE lipids can be administered in an amount effective for treating skin ailments or rejuvenating or remodeling the Skin, Such as to remove or induce the removal of wrinkles. By way of explanation, but not limitation, it is postulated that the application of AGE-lipids to the Skin may attract cells, e.g., macrophages, which have the ability to remove naturally occurring AGE-compounds generally from the site of depo Sition. As a result, in Vivo generated and naturally deposited AGE-compounds may be removed and also AGE-lipids and other AGES may induce cells, e.g., macrophage, T-cells and endothelial cells and fibroblasts, to secrete a variety of Substances, e.g., cytokines, growth factors and effector molecules, Such as TNF, IL-1, IGF-1, PDGF and other compounds, and collagenase and thereby modulate biologi cal processes, e.g. skin remodeling and wound healing.
The AGE-lipids can be applied to the skin in the form of topical preparations for cosmetic or medicinal use in the form of, e.g., creams, gels or ointments, or can be incorpo rated into pharmaceutical preparations with other ingredi ents. Likewise, the topical use of the AGE-lipid compounds described herein could include other agents useful for the treatment of Skin ailments or disease, e.g., wrinkling, acne, wound healing etc.
The AGE-lipids of the present invention can also be applied to the skin to modify the effect or use of other medicinal agents. For example, the AGE-lipids could be applied to the Skin in conjunction with anti-inflammatory or anti-infective therapeutic agents or other compounds which are effective topically or transdermally. Likewise, Such AGE-lipids may enhance the penetration or activity of the other compounds administered in combination.
Additionally, the AGE-lipids may function to attract cells or other endogenous components, e.g., antibodies, which are effective in removing AGES from the system, or which function in the removal of Such compounds from the System. By providing AGE-lipids to the desired site, these cells and other components may be attracted to the area of application and induced to remove other harmful components.
Another aspect of the present invention relates to com positions which can be in any pharmaceutically acceptable form, e.g., transdermal, oral, parenteral, topical (via the skin, inhalation, transmucosally, e.g., rectally, vaginally, buccally or Sublingually) as well as other dosage forms administered by other routes of administration. Such compositions typi cally contain an AGE-lipid which is effective for treating the particular disease or condition, or is effective for attracting, activating or inducing the activity of cells or antibodies to the area of interest in an effort to control, reduce or eliminate the formation of lipofuscin, and other amyloid materials. The amount of the AGE-lipid present in the composition and thus the amount administered will depend upon the particu lar condition under treatment, as well as the age, weight, and condition of the patient.
Also, the AGE-lipids of the present invention may be useful for the enhancement of the activity of other drugs or therapeutic agents. For example, the AGE-lipid can be coadministered or administered Separately from another drug to take advantage of the lipid Solubility of the preferred AGE-lipids which are useful herein. Likewise, the drugs can be used essentially Simultaneously to attract cells or other biological components, e.g., antibodies, which are to be treated or are necessary or desired in the pharmacological Site of activity for purposes of enhancing the activity of the AGE-lipid and/or the other drug.
Another aspect of the invention relates to pharmaceutical dosage forms Such as lipoSomeS. Liposomes can be used with AGE-lipids present on the outer layer thereof, or incorporated into the interior, based upon the lipid Solubility of the AGE-lipid, the relative size of the liposomes, the presence of other therapeutic agents contained therein, the mode and biological site of intended use/activity and numer ous other factors.
Preferred AGE-lipids for use as described herein may take advantage of cellular AGE binding proteins or AGE receptors as well as the other physical parameters of the AGE-lipids described in the present invention. By way of non-limiting example, the Synthetic and naturally occurring AGE, FFI, is recognized by and reactive with macrophage cells (macrophage cells have AGE receptors which recog nize FFI) but not particularly reactive with endothelial cells.
Thus, if a liposome or other pharmaceutical dosage form containing AGE-lipids is to be delivered Such that macroph age cells are targeted, the FFI moiety can be included. In this manner, differences in AGE receptor activity and in the reactivity of different AGES can be taken advantage of.
Likewise, the AGE-lipids of the present invention can be used to produce antibodies to AGE-lipids, and these anti bodies can be used as described herein. For example, antibody formation can be induced by injecting a mammal with an immunogen comprised of an AGE-lipid and then collecting the Serum of the mammal. Such Serum will typically contain antibodies which recognize and bind to AGE-lipids. These antibodies may be polyclonal or essen tially monoclonal, and may be prepared e.g., by using an appropriate immunization protocol, Such as a hyperimmu nization protocol. Accordingly, appropriate fusion, plating, Screening, Selection and replication techniques can be uti lized to obtain monoclonal antibodies which recognize Spe cific epitopes on the particular AGE-lipid utilized.
The AGE-lipids, antibodies and compositions can also be used in the assessment of the quality, preservation or deg radation of Stored foods or other biological Substances. For example, the presence and concentration of advanced gly cosylation endproducts can be identified. This technique is particularly useful in identifying undesirable concentrations of advanced glycosylation endproducts that accumulate with prolonged Storage. The AGE-lipids, antibodies and compositions can be used in the diagnosis and assessment of certain diseases. For example, the location and concentrations of advanced gly cosylation endproducts in the body could be identified. This technique is particularly useful in identifying undesirable concentrations of advanced glycosylation endproducts, Such as atheromatous plaques, or for the identification of com plications of disease States Such as diabetes mellitus.
Of particular diagnostic importance is the identification of AGE-lipids wherein the lipid is a low-density lipoprotein (LDL). In the case of LDL, incubation with glucose or AGE-peptides produces AGE moieties that are linked to both the lipid and to the apoprotein components. Oxidized LDL forms concurrently with AGES during these incuba tions. Aminoguanidine, as well as other known agents for the inhibition of the advanced glycosylation of proteins, inhibits both the advanced glycosylation and oxidative modification processes. Analysis of LDL Specimens isolated from the plasma of diabetic individuals reveals increased levels of AGES on both the apoprotein and lipid components when compared to normal, non-diabetic individuals. The level of LDL oxidation also correlates significantly with AGE modification, indicating that advanced glycosylation may play a primary role in the generation of oxidized lipid in Vivo, and that this activity is inhibited by aminoguanidine.
Thus, the identification, by Standard assay procedures, of high levels of AGE-LDL in a patient can be utilized to ascertain the precise disease State, as well as to monitor the efficacy of a therapeutic regimen, Such as by treatment with an AGE-inhibitor. In a particularly preferred embodiment, the levels of AGE-LDL in a patient can be utilized to diagnose the onset, Severity or risk for the development of diabetic conditions and complications in the patient. Additionally, the level of AGE-LDL in a patient can be utilized to diagnose the onset or Severity of atherOSclerosis and associated conditions in a patient.
The method comprises an assay involving in addition to the analyte, one or more binding partners of AGE-lipids and one or more ligands.
Accordingly, the present assay method broadly comprises the Steps of:
A. preparing at least one biological Sample Suspected of containing Said AGE-lipids, B. preparing at least one corresponding binding partner directed to Said Sample; C. placing a detectable label on a material Selected from the group consisting of Said Sample, a ligand to Said binding partner and Said binding partner; D. placing the labeled material from Step C in contact with a material Selected from the group consisting of the material from Step C that is not labeled; and E. examining the resulting Sample for the extent of binding of said labeled material to said unlabeled material.
In a typical non-competitive assay in accordance with the present invention, AGE-lipids are Solubilized in methanol and deposited on the assay plate by drying. The assay plates are then hydrated and Sequentially exposed to anti-AGE primary antibodies and enzyme-conjugated Second antibod ies Specific for the primary antibodies, with washing Steps in between where appropriate. Enzyme levels are then deter mined by, for instance, Substrate conversion protocols well known in the art, and the amount of AGES can thus be measured by reference to a Standard run in parallel.
In a typical competitive assay in accordance with the present invention, an AGE binding protein or AGE receptor may be combined with the analyte and a ligand, and the binding activity of either or both the ligand or the analyte to the receptor may then be measured to determine the extent and presence of the advanced glycosylation endproduct of interest. In this way, the differences in amounts bound between the components of the assay Serves to identify the presence and amount of the AGE-lipid.
The present invention also relates to a method for detect ing the presence of Stimulated, Spontaneous, or idiopathic pathological States in mammals, by measuring the corre sponding presence of AGE-lipids. More particularly, the activity of AGES may be followed directly by assay tech niques Such as those discussed herein, through the use of an appropriately labeled quantity of at least one of the binding partners to AGE-lipids as set forth herein. Alternately, AGES can be used to raise binding partners or antagonists that could in turn, be labeled and introduced into a medium to test for the presence and amount of AGES therein, and to thereby assess the state of the host from which the medium was drawn.
Thus, both AGE-lipids and any binding partners thereto that may be prepared, are capable of use in connection with various diagnostic techniques, including immunoassays, Such as a radioimmunoassay, using for example, a receptor or other ligand to an AGE that may either be unlabeled or if labeled, then by either radioactive addition, reduction with Sodium borotritide, or radioiodination.
In an immunoassay, a control quantity of a binding partner to AGE-lipids may be prepared and optionally labeled, Such as with an enzyme, a compound that fluoresces and/or a radioactive element, and may then be introduced into a tissue or fluid sample of a mammal. After the labeled material or its binding partner(s) has had an opportunity to react with Sites within the Sample, the resulting mass may be examined by known techniques, which may vary with the nature of the label attached.
The labels most commonly employed for these Studies are radioactive elements, enzymes, chemicals which fluoresce when exposed to ultraViolet light, and others.
Suitable examples of radioactive elements include H, 14C, 32p, 35S, 36C, 5 Cr, 57Co, 5Co., Fe, 90Y, 125I, 131I, and
Re. In the instance where a radioactive label, such is prepared with one of the above isotopes is used, known currently available counting procedures may be utilized.
In the instance where the label is an enzyme, detection may be accomplished by any of the presently utilized calorimetric, Spectrophotometric, fluorospectrophotometric, thermometric, amperometric or gasometric techniques known in the art. The enzyme may be conjugated to the advanced glycosylation endproducts, their binding partners or carrier molecules by reaction with bridging molecules Such as carbodiimides, diisocyanates, glutaraldehyde and the like.
Many enzymes which can be used in these procedures are known and can be utilized. The preferred are peroxidase, B-glucuronidase, B-D-glucosidase, 3-D-galactosidase, urease, glucose oxidase plus peroxidase, hexokinase plus GPDase, RNASe, glucose oxidase plus alkaline phosphatase, NAD oxidoreductase plus luciferase, phosphofructokinase plus phosphoenol pyruvate carboxylase, aspartate ami notransferase plus phosphoenol pyruvate decarboxylase, and alkaline phosphatase. U.S. Pat. Nos. 3,654,090; 3,850, 752; and 4,016,043 are referred to by way of example for their disclosure of alternative labeling material and methods. A particular enzymatic detecting material is anti-rabbit anti body prepared in goats and conjugated with alkaline phoS phatase through an isothiocyanate.
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A number of fluorescent materials are known and can be utilized as labels. These include, for example, fluorescein, rhodamine and auramine. A particular fluorescent detecting material is anti-rabbit antibody prepared in goats and con 5 jugated with fluorescein through an isothiocyanate. The AGE-lipids may be used to produce antibody(ies) to themselves which can be produced and isolated by Standard methods including the well known hybridoma techniques.
The antibody(ies) can be used in another species as through they were antigencs) to raise antibody(ies). Both types of antibody(ies) can be used to determine the amount and location of the AGE-lipids in lipid masses, whether in foodstuffs, or in the mammalian body. For convenience, the antibody(ies) to the AGE-lipids will be referred to herein as Ab and antibody(ies) raised in another species as Aba.
The degree of glycosylation in lipid masses Suspected of undergoing the same can be ascertained by the usual immu nological procedures applicable to Such determinations. A number of useful procedures are known. Three Such proce dures which are especially useful utilize either the AGE lipid labeled with a detectable label, antibody Ab labeled with a detectable label, or antibody Ab labeled with a detectable label. The procedures may be summarized by the following equations wherein the asterisk indicates that the particle is labeled, and "Al" stands for the AGE-lipid: A. Al-Ab=Al Ab B. Al-Ab*=AlAb* C. Al-Ab+Ab*=AlAbAb* The procedures and their application are all familiar to those skilled in the art and accordingly may be utilized within the scope of the present invention. The "competitive" procedure, Procedure A, is described in U.S. Pat. Nos. In each instance, the AGE-lipid Substance forms com plexes with one or more antibody(ies) or binding partners and one member of the complex is labeled with a detectable label. The fact that a complex has formed and, if desired, the amount thereof, can be determined by known methods applicable to the detection of labels.
It will be seen from the above, that a characteristic property of Ab is that it will react with Ab. This is because Ab raised in one mammalian Species has been used in another species as an antigen to raise the antibody Aba. For example, Ab may be raised in rabbits and Ab may be raised in goats using Ab as an antigen. Aba therefore would be anti-rabbit antibody raised in goats. Accordingly, a test kit may be prepared for the demon Stration of AGE-lipids in a Sample, whether in food or in animals, comprising:
(a) a predetermined amount of at least one labeled immu In a further variation, the test kit may be prepared and used for the purposes Stated above, which operates accord ing to a predetermined protocol (e.g. "competitive", "sandwich", "double antibody", etc.), and comprises: unlabeled binding partner(s) in the sample will cause the retention of a dependent quantity of the former on the Solid Substrate, whereupon it can be precisely quantitatively iden tified. The foregoing explanation of a particular competitive assay System is presented herein for purposes of illustration only, in fulfillment of the duty to present an enabling disclosure of the invention. It is to be understood that the present invention contemplates a variety of diagnostic pro tocols within its Spirit and Scope.
AS discussed earlier, the present invention includes poten tial methods for treating lipids undergoing glycosylation in an effort to retard if not totally inhibit the progress of the Maillard and non-enzymatic glycosylation processes. The method comprises the development of antagonists that when administered to the glycosylating lipid mass, Serve by their structure and/or reactivity, to inhibit rather than facilitate the continued glycosylation of the lipid.
For example, the AGE-lipids of this invention can be utilized as adjuvants due to their cross-linking potential with antigens and also as macrophage Stimulants to activate the macrophage to effect removal of AGES. When a lipid-AGE is utilized as an adjuvant it is reacted or cross-linked with an antigen that is "weak". The addition of AGE-lipid to the antigen produces an antigen which produces a strong reac tion due to the presence of the AGE-lipid portion, thus increasing the immunogenicity of the original antigen. The invention is not limited to this methodology, but rather encompasses it within its Scope.
AS noted earlier, phagocytic cells are capable of recog nizing and removing abnormal macromolecules by means of receptors on their Surfaces which recognize Specific chemi cal Structures and bind them. Once the abnormal macromol ecule is recognized in this way, the phagocytic cell may internalize the macromolecule and may then degrade it. In Some instances, the phagocytic cell may in addition Secrete enzymes and other factors to help degrade the molecule or particle extracellularly if it cannot be internalized or to Phagocytic cells in the body comprise numerous types of white blood cells. One type of white blood cell, the monocyte, is produced in the bone marrow, and circulates briefly in the blood and thereafter enters the tissues where it becomes a macrophage.
AS discussed earlier, the present invention extends to the discovery that the phagocytic cells including monocytes and macrophages can be modified by exposure to Stimulator compounds that potentiate the capability of these cells with respect to their recognition and affinity for, and capability to degrade advanced glycosylation end products. In particular, the exposure of these cells to certain Stimulator compounds has been found to increase the number of receptorS devel oped on these cells and to thereby increase the capacity and efficiency of these cells with respect to the recognition and degradation of advanced glycosylation endproducts. The AGE-lipids of the present invention can function as Stimu lator compounds.
Accordingly, the method of the present invention gener ally comprises exposing the animal body to Stimulator AGE-lipids, which cause the body, and its phagocytic cells in particular to become activated and to increase the recog nition and removal of target macromolecules that have undergone advanced glycosylation.
Various methods of treatment and use are applicable herein. One preferred use is for the treatment or removal of proteinaceous or fatty deposits Such as amyloids or lipofus cin in a mammal. The AGE-lipid, an antibody to AGE-lipids, or a compound which inhibits the formation of AGE-lipids is administered to the mammal in need of Such treatment in an amount effective to treat, remove or cause the removal of Said lipofuscin.
Another preferred use is for the treatment or prevention of skin disorders, e.g., wrinkling. The AGE-lipid, an antibody to AGE-lipids, or a compound which inhibits the formation of AGE-lipids can be administered to the mammal in an amount effective for the treatment or prevention of wrin kling. All forms of administration are possible, with the most preferred route of administration being topical application in a pharmaceutically acceptable dosage form.
Without limiting the invention to a particular mechanism of action, the AGE-lipid may act directly, having a positive or negative metabolic effect, or indirectly, Such as by affect ing the activity of, e.g., cytokines or macrophage cells or immunological mediators, for instance, which in turn may cause the desired therapeutic effect.
Also as Stated earlier, the invention extends to the dis covery that certain compounds that have previously been identified as inhibitors of the advanced glycosylation of proteins, also inhibit the formation of lipid advanced gly cosylation endproducts and, further, react directly with malonyl-dialdehyde-like fatty acid oxidation products. These inhibitors of advanced glycosylation endproduct for mation in proteins are broadly set forth in U.S. Pat. No. 4,758,583, the disclosure of which is incorporated herein by reference. These compounds include compounds that react with a carbonyl moiety of an early glycosylation product. Representative of Such advanced glycosylation inhibitors are aminoguanidine, lysine and C-hydrazinohistidine.
In addition to these specific compounds, other agents capable of inhibiting the advanced glycosylation or proteins wherein R is a group of the formula and R is hydrogen or a lower alkyl group of 1-6 carbon atoms, a hydroxyethyl group, or together with R or R may be a lower alkylene bridge of 2-4 carbon atoms; R is hydrogen, amino, hydroxy, a lower alkyl group of 1-6 carbon atoms, or together with R or R is a lower alkylene bridge of 2-4 carbon atoms; R may also be an aminoalky lene group of the formula -(CH)--R.
wherein n is an integer of 2-7 and R and R, are indepen dently a lower alkyl group of 1-6 carbon atoms or together form a part of a cycloalkyl or heterocyclic ring containing from 1 to 2 heteroatoms, of which at least one is nitrogen; and the Second of Said heteroatoms is Selected from the group consisting of nitrogen, oxygen, and Sulfur, with the proviso that when the second of said heteroatoms of the heterocyclic ring is nitrogen and forms a piperazine ring; it may be optionally substituted by a substituent that is iden tical to the portion of the compound on the first nitrogen of the piperazine ring; R is hydrogen, a lower alkyl group of 1-6 carbon atoms, or together with R or R is a lower alkylene bridge of 2-4 carbon atoms; R is hydrogen, a lower alkyl group of 1-6 carbon atoms or together with R. or R is a lower alkylene bridge of 2-4 carbon atoms, or an amino group; Rs is hydrogen, or a lower alkyl group of 1-6 carbon atoms, with the proviso that at least one of R, R, R, R or Rs is other than hydrogen; or R is an acyl or a lower alkylsulfonyl group of up to 10 carbon atoms and R. is hydrogen; and their pharmaceutically acceptable acid addition Salts.
The lower alkyl and lower alkoxy groups referred to herein contain 1-6 carbon atoms and include methyl, methoxy, ethyl, ethoxy, propyl, propoxy, butyl, butoxy, pentyl, pentyloxy, hexyl, hexyloxy and the corresponding branched chain isomers thereof.
The acyl portion referred to herein is a residue of lower alkyl, aryl, and heteroaryl carboxylic acids containing 2-10 carbon atoms. They are typified by acetyl, propionyl, butanoyl, Valeryl, hexanoyl and the corresponding higher chain and branched chain analogs thereof. The acyl radicals may also contain one or more double bonds and/or an additional acid functional group, e.g., glutaryl or Succinyl. The heteroaryl groups referred to above encompass aromatic heterocyclic groups containing 3-6 carbon atoms and one or more heteroatoms Such as oxygen, nitrogen or Sulfur. The lower alkylsulfonyl groups of the compounds of this invention are those containing from 1 to 7 carbon atoms and are typified by methylsulfonyl, ethylsulfonyl, n-propylsulfonyl, t-butylsulfonyl and the like.
The term "aryl" as used herein refers to phenyl and lower alkyl Substituted phenyl groups containing 6-10 carbon atoms and Substituted by one or more Substituent groups Selected from among chloro, bromo, fluoro, carboxy, lower alkyl, hydroxy, or lower monoalkylamino, lower dialkylamino, lower alkoxy.
Accordingly, where identified herein, the term "inhibitors of advanced glycosylation' is intended to encompass both the compounds Such as aminoguanidine, lysine and C-hydrazinohistidine, and other agents as generically expressed hereinabove and as may be contained in other related patent applications and patents issued Subsequently to U.S. Pat. No. 4,983,604 and having reference thereto.
In the following examples, the effect of AGE-lipids on atherogenesis was demonstrated by the reaction of glucose with the amine-containing lipid, phosphatidylethanolamine (PE). In the presence of EDTA, a nitrogen atmosphere, and at physiological pH and temperature, glucose (5-500 mM) reacts with PE in a time-and concentration-dependent manner to form lipid-Soluble products with the Spectro Scopic properties of AGES.
AGE formation induced fatty acid oxidation with reaction kinetics that paralleled AGE-associated absorbance and fluorescence. Incubation of glucose with phosphatidylcho line (PC), in which the amine is blocked and unable to react with glucose to initiate AGE formation, resulted in neither Spectroscopic changes nor fatty acid oxidation.
Aminoguanidine prevented lipid-AGE formation and lipid oxidation of PE. Again without limiting the invention to a Specific reaction mechanism, aminoguanidine may have inhibited fatty acid oxidation by two mechanisms: first, the formation of lipid-associated AGES was inhibited. Second, the direct reaction with malonyl dialdehyde-like fatty acid oxidation products was inhibited. Lipids containing reactive groups, e.g., primary amino groups therefore react readily with reducing Sugars to form AGES and this induces fatty acid oxidation. Aminoguanidine inhibited the formation of lipid associated AGES and reacts directly with malonyl dialdehyde like fatty acid oxidation products. To ascertain whether and to what extent lipids are capable of reacting to form advanced glycosylation endproducts, the lipids phosphatidylethanolamine and phosphatidylcholine were placed into contact with a Sugar, preferably a reducing Sugar, and allowed to incubate together. Aliquots of the incubation mixture were thereafter assayed as described below, for evidence of the presence of lipid-associated or lipid-attached AGES. The accumulation of AGES indicates Spontaneous formation of AGE-lipids by non-enzymatically mediated chemical reactions between lipid and Sugar pre cursor compounds.
Methods
Lipid in the form of phosphatidylethanolamine (PE:L-C.-phosphatidylethanolamine, dioleoyl) (1,2-di(cis)-9-octadecenoyl-sn-glycero-3-phosphoethanolamine or phos phatidylcholine (PC)(L-O-phosphatidylcholine, dioleoyl) 1,2-di(cis)-9-octadecenoyl-sn-glycero-3-phosphocholine was incubated with glucose (Glu) (L-D-glucose) as follows:
Ten mg of PE or PC in CHCl solution was evaporated to dryness. To this sample was added 1 ml of glucose (0.5M) in NaPO buffer (100 mM, pH 7.4) containing EDTA (1 mM). This solution was previously deaerated by freeze/ thawing and Saturating the Solution with Nagas. The dried lipid was dispersed in the glucose Solution by immersing the sealed tube in a bath Sonicator for 30 minutes. Tubes where then placed at 37 C., in the dark, and incubated for the indicated period of time. At intervals, Separate tubes con tinuing parallel incubations (aliquots) were removed, and the lipids extracted for analysis as follows.
Aliquots were shaken with 1 ml of chloroform/methanol (2:1) for ten minutes. After removal of the organic layer, this extraction was repeated twice. The organic layer was then back extracted twice with ice cold, deaerated HO. After evaporation, lipids were redissolved in chloroform/methanol
(1:1) and analyzed by absorption spectroscopy (ODoo soo or ODeo, or fluorescence spectroscopy (excitation wave length (Ex) 360 nm, emission wavelength (Em) 440 nm).
The results are shown in FIGS. 1 and 2. FIG. 1 shows the time dependent increase in absorbency at 360 nm, which absorbency is characteristic of AGES and AGE-containing compounds. As shown FIG. 1 , incubation of PE with glucose leads to a significant accumulation of material with AGE typical absorbance, but incubation of the PC with glucose produces almost none. This result Suggests that the free amino group represented in PE may be required for AGE formation while the blocked amino group of PC lacks the reactivity to make AGE formation possible. FIG. 1 indicates that formation of ODeo material depends on glucose concentration; leSS AGE-Specific absorbance is found after incubation of PE with 50 mM glucose than after parallel incubations with 500 mM glucose. (FIG. 3) , and aminoguanidine inhibited oxi dation of lipid in PE/glucose incubations (FIG. 3) . EXAMPLE 3 The formation of AGES on lipids was additionally assessed by AGE-specific ELISA.
Lipids (PE or PC) were incubated with glucose as described above. AGE content was quantitated by ELISA using a specific anti-AGE antibody (see Makita et al., J. BIOL. CHEM. (1992) , 267:5133-5138). Protein-linked AGEs were measured by competitive ELISA utilizing an AGE standard synthesized by incubation of glucose with BSA. In this ELISA, 1.0 U of AGE activity is defined as the amount of antibody-reactive material that is equivalent to 1.0 ug of AGE-BSA standard. Lipid-derived AGES were measured in a direct, non-competitive ELISA as follows. For each Sample, triplicate 100 ul aliquots of lipid-Soluble mate rial (dissolved in methanol) were added to round-bottom, 9.6 well plates and the solvent evaporated. The wells then were washed three times with PBS/O.05% Tween-20. Antiserum (final dilution 1/1000) was added, the plates were incubated for 1 hour at room temperature, and the Wells washed and processed as described for the competitive ELISA. Control Samples were developed with pre-immune Serum in place of anti-AGE antiserum. Results were quantitated with refer ence to a Standard curve that was obtained by assaying dilutions of AGE-BSA standard that were absorbed to plates in a concentration range from 0.3 ng/ml to 3 lug/ml. Table 1 shows the formation of AGE-lipids from phos phatidylethanolamine versus the control lipid phosphatidyl choline (in which the amino group is blocked and thus thought to be prevented from reacting with the reducing Sugar glucose). Reaction between aminoguanidine and malonyldialdehyde Example 2 showed that AGE-lipid formation is accom panied by a parallel increase in lipid oxidation as measured by an increase in the concentration of MDA-like Substances. It is notable that this oxidation of lipids occurred without added metals, Such as copper, which are commonly employed to initiate lipid oxidation. Additionally, the above examples indicate that aminoguanidine prevents both AGE lipid formation and lipid oxidation.
Results
To demonstrate that aminoguanidine can react directly with MDA-like aldehydes to prevent their reaction with proteins, aminoguanidine was incubated with MDA.
Methods
Malonyldialdehyde (MDA) standard solutions (0.5 ml) were prepared by dilution of malonaldehyde bis(diethyl acetal) into H2O. Aminoguanidine HCl (0.5 ml) was added, followed by 0.2 ml of the TBA reagent described above. The Solution was incubated at room temperature for 10 minutes and TBARS measured by specific fluorescence as described To define further the relationship between advanced gly cosylation and LDL oxidation in vivo, LDL was isolated from plasma obtained from either non-diabetic or diabetic individuals and analyzed for the presence of lipid-AGES, apoprotein-AGES, and oxidative modification. These speci mens were obtained from 8 normoglycemic, non-diabetic controls and 16 patients with Type I or Type II diabetes mellitus.
Plasma LDL (d=1.025-1.063 g/ml) was isolated from healthy, non-hyperglycemic individuals and patients with diabetes mellitus by Sequential ultracentrifugation, using 2.7 mM EDTA. The isolated and re-centrifuged LDL was dia The non-diabetic patient group (n=8) had a mean age of 34.6+9.6 years. The diabetic group (n=16) consisted of 5 patients with Type I diabetes and 11 patients with Type II diabetes. The mean age was 55.5+16.3 years and the mean duration of diabetes was 11.9+5.6 years. The mean hemo globin A level was 10.0%+1.7%. The P values were calculated by the unpaired Student's t-test Statistic for com parison between groups.
Results
The LDL was analyzed for oxidative modification and then fractionated into lipid and apoprotein components for AGE-ELISA measurements (FIG. 9) . In agreement with prior studies, LDL from diabetic individuals was observed to have undergone Significantly greater oxidative modification than the LDL from non-diabetic individuals Normal, Non diabetics (NL): (n=8) 3.7+1.25 pm MDA equivalents/ug LDL; Diabetics (DM): (n=16) 6.8+1.2 pm MDA equivalents/ug LDL (Mean+SD), P-0.0001). Of Significance, both the lipid-and the apoprotein-linked AGES in the diabetic LDL specimens were found to be markedly elevated when compared to the LDL Specimens obtained from non-diabetic individuals. Lipid-AGE levels were elevated almost 4-fold in diabetic patients Normal, non diabetic (NL): (n=8) 0.11+0.03 Units of AGE/ug lipid; Diabetics (DM): (n=16) 0.41+0.25 Units of AGE/ug lipid, P<0.005). Apoprotein-AGE levels were increased approxi mately 2-fold in the diabetic samples NL: (n=8) 0.0028+0.0006 Units of AGE/ug apoprotein; DM: (n=16) 0.0068+0.004 Units of AGE/ug apoprotein, P-0.0001)).
These measurements revealed a similar quantitative ratio between LDL oxidation and the level of AGE-lipid and AGE-apoprotein that was Similar to that observed during LDL incubation in vitro (FIG. 10) . There also appeared to be a marked increase in the level of lipid-AGES relative to the level of apoprotein-associated AGES. Linear regression analysis of these data revealed Significant correlation between the level AGE modification and LDL oxidation. For the measurement of AGE-apoprotein Versus LDL oxidation, this analysis showed a correlation coefficient of r=0.52 and P<0.01. For AGE-lipid versus LDL oxidation, the corre sponding values were r=0.63 and p<0.005. EXAMPLE 6 It was also postulated that contiguous basic residues (Arg-Lys-Arg) within the receptor-binding domain of ApoB might Serve as a reactive site for AGE formation, thus preventing normal pathways of LDL clearance. To begin to address this hypothesis, LDL levels were examined in 10 diabetic patients enrolled in a 28-day trial of aminoguani dine (AG), a pharmacological inhibitor of advanced glyco Sylation.
LDL levels in 10 diabetic patients enrolled in a 28-day trial of aminoguanidine (AG) were measured by the AGE specific ELISA of Example 3. The efficacy of AG therapy was assessed by reduction in the level of hemoglobin-AGE (Hb-AGE), a circulating marker of advanced glycosylation.
The results are given in FIG. 14 and Table 2 , below. Table  2 also includes additional data relating to Hb-AGE. This Study Suggests that the advanced glycosylation may account for elevated LDL levels, and that aminoguanidine therapy may serve to improve LDL clearance and diminish the risk of atherogenesis in diabetic patients. EXAMPLE 7 To determine whether human AGE-peptides can react with plasma lipoproteins, AGE-peptides isolated from dia betic Sera were incubated with human LDL, in the presence or absence of the AGE-inhibitor aminoguanidine (300 mM) for 14 days and the results compared to controls (LDL only) and a parallel incubation of LDL with glucose. AGE levels in Apo B and in lipid fractions of LDL were measured by the AGE-specific ELISA procedure of Example 3, and the results given below in Table 3 , and in FIGS. 11A and 11B. In addition, LDL oxidation was measured as in Example 4, and the AGE-formation was found to parallel LDL oxidation.
As shown in Table 3 below, marked increases in AGE content of Apo B, and of lipid fraction of LDL were noted as a function of time compared to control Samples. These values far exceeded those obtained using glucose. AGE formation paralleled LDL oxidation. In the presence of the AGE-inhibitor aminoguanidine, AGE-formation, as well as lipid oxidation, was markedly inhibited.
In conclusion, circulating AGE-peptides are an important in vivo Source of AGE-lipids, and oxidative modification of plasma LDL, in excess of and independent of glucose. Aminoguanidine may be of therapeutic benefit in diabetics, where elevated AGE-peptide levels and hyperlipidemia may be causally linked to accelerated atherOSclerosis. The AGE-specific ELISA of Example 3 was used to measure AGE moieties attached to the Apo B and lipid components of LDL isolated from normal controls (n=17) and diabetic patients (n=43). The results are shown below in Table 4 . Additional data reflecting the study of lipid oxida tion in these patient Samples are presented in FIGS.
12A-12C. These data indicate that circulating AGE-LDL levels correlate closely with the number and severity of diabetic complications and Support an etiopathological relationship between AGE-modification and both the micro-and macro vascular complications of diabetes Since LDL from diabetic patients with multiple complications contained five-fold higher levels of AGE-lipid and almost three-fold higher levels of AGE-ApoB when compared to normal controls.
Diabetics with severe diabetic nephropathy (ESRD) showed marked elevation of AGE-modified LDL when compared to diabetic patients without renal involvement.
The results also indicate the AGE-lipid modification was asSociated with proportionally increased lipid oxidation within each group of patients (non-diabetic: 3.7 nmoles/mg; (0-1 complications): 5.2 nmoles/mg (>4 complications): 8.4 nmoles/mg measured as nmole MDA equiv/mg LDL). EXAMPLE 9 An additional patient population was examined to provide data cumulative with the data collected and evaluated in Example 8, above. Accordingly, to determine levels of circulating AGE-low density lipoprotein, apoprotein B, plasma LDL was collected from the Selected patients as described in Example 8. Briefly, LDL was delipidated with methanol-ether 1:3 (V/V). Apo B was digested by incubating at 37° C. for 24 hours by using Proteinase K, (1 mg/ml). These samples were inactivated by heating at 70° C. for 1 hour. AGE levels were determined by ELISA as described in Example 3. The results are presented in FIG. 13 .
To obtain a measure of the in vivo "reactivity" of AGE peptides, AGE levels were determined on a short-lived plasma protein, apoprotein B, in patients with and without diabetes. As shown in FIG. 13 , marked elevations of AGE Apo B were found in LDL from diabetic (mean 69.4+21.7 AGEU/mg, p<0.0001), as well as non-diabetic patients with ESRD (mean 27.6+16.5AGEU/mg, p<0.0001) compared to normals (2.8+0.5 AGE U/mg), and diabetics with normal renal function (mean 3.9+1.0 AGE U/mg). Since non diabetics with ESRD are normoglycemic, with normal levels of HbA1c, the data clearly Suggest that glucose is not the only source of AGE modification. This is confirmatory of the observation noted in Example 8, above.
DISCUSSION
The data presented here provide an important link between elevated levels of plasma AGES and accelerated vasculopathy associated with ESRD, consisting of the Strik ing ability of endogenous AGE-peptides to "react with key proteins, Such as collagen and lipoproteins. LDL apoprotein B is a short-lived plasma protein, long implicated in athero genesis. The efficient generation of AGE-apo B by AGE peptides in Vivo Suggested a possible, in Vivo marker for the "toxicity' of AGE-peptides. The patient data on circulating AGE-apo B Supported this notion.
The level of AGE modification of plasma LDL/Apo B in patients with ESRD was significantly elevated compared to the level of the normal subjects (ten-fold for non-diabetic (ESRD) and twenty-five fold for diabetic (ESRD) patients).
Given the relatively short half-life of the LDL particle in blood, the degree of AGE modification in ESRD patients cannot be attributed Solely to ambient glucose or other "intermediate' glycosylation products found in plasma. The contribution of these agents in the non-diabetic ESRD patients is also improbable given the normal glucose and HbA1c levels in these non-diabetic patients. Instead, a principal role can be attributed to the so-called "AGE peptides", or low molecular weight blood-borne AGE modified species. This is supported by the relatively elevated levels of AGE-peptide in ESRD patients, whether diabetic or not. Further support is for this notion is provided by the relatively modest elevations of AGE-Apo B in diabetic patients with normal renal function, despite their hypergly cemia as reflected in elevated Hb A1c.
This interpretation is consistent with the argument that the absence of renal function plays a more important role in total Serum AGE accumulation than an increased rate of AGE formation due to hyperglycemia. It is further Supported by the findings indicating the clearance of Serum AGES by the kidneys, as measured by urinary excretion, does not differ Significantly between normal and diabetics, as long as renal function is preserved.
The following publications relate generally to advanced glycosylation endproducts and the reactions in which Such products are involved. This invention may be embodied in other forms or carried out in other ways without departing from the Spirit or essential characteristics thereof. The present disclosure is therefore to be considered as in all respects illustrative and not restrictive, the Scope of the invention being indicated by the appended claims, and all changes which come within the meaning and range of equivalency are intended to be embraced therein.
What is claimed is:
1. A method of reducing lipid oxidation in a non-diabetic mammal to inhibit an increase in Serum LDL levels to prevent a disease State characterized by the presence of AGE-lipids comprising administering to Said mammal an amount of an agent capable of controlling the formation of AGES in said mammal effective to inhibit AGE formation, wherein Said agent is Selected from the group consisting of aminoguanidine and analogs thereof. 2. The method of claim 1, wherein said AGES comprise AGE-lipids.
3. The method of claim 2 wherein said AGE-lipids are formed from lipid-related materials, and Said lipid-related materials are Selected from amine-containing lipids, low density lipoproteins, and apolipoproteins.
4. The method of claim 3, wherein said apolipoproteins comprise apolipoprotein B (apo B). 5 . A method for lowering low-density lipoprotein levels in Said mammal, comprising reducing lipid oxidation accord ing to the method of claim 1. 6. A method for the prevention of atherosclerosis com prising reducing lipid oxidation according to the method of claim 1. 7 . A method for the prevention of hypercholesterolemia, comprising reducing lipid oxidation according to the method of claim 1. 8 . A method of inhibiting the formation of oxidized lipids in a non-diabetic patient to prevent an increase in Serum LDL levels and prevent a disease State characterized by the presence of AGE-lipids comprising administering to Said patient an effective amount of aminoguanidine or an analog thereof.
9. The method of claim 8 wherein said analog of ami noguanidine is Selected from the group consisting of lysine, O-hydrazinohistidine and hydrazine derivatives of the for mula: wherein R is a group of the formula and R is hydrogen or a lower alkyl group of 1-6 carbon atoms, a hydroxyethyl group, or together with R or R may be a lower alkylene bridge of 2-4 carbon atoms, R is hydrogen, amino, hydroxy, a lower alkyl group of 1-6 carbon atoms, or together with R or R is a lower alkylene bridge of 2-4 carbon atoms; R may also be an aminoalkylene group of the formula R wherein n is an integer of 2-7 and R and R, are indepen dently a lower alkyl group of 1-6 carbon atoms or together form a part of a cycloalkyl or heterocyclic ring containing from 1 to 2 heteroatoms, of which at least one is nitrogen;
and the Second of Said heteroatoms is Selected from the group consisting of nitrogen, oxygen, and Sulfur, with the proviso that when the second of said heteroatoms of the heterocyclic ring is nitrogen and forms a piperazine ring; it may be optionally substituted by a substituent that is iden tical to the portion of the compound on the first nitrogen of the piperazine ring;
R is hydrogen, a lower alkyl group of 1-6 carbon atoms, or together with R or R is a lower alkylene bridge of 2-4 carbon atoms, R is hydrogen, a lower alkyl group of 1-6 carbon atoms or together with R or R is a lower alkylene bridge of 2-4 carbon atoms, or an amino group; Rs is hydrogen, or a lower alkyl group of 1-6 carbon atoms, with the proviso that at least one of R, R2, R, R or Rs is other than hydrogen; or R is an acyl or a lower alkylsulfonyl group of up to 10 carbon atoms and R is hydrogen; and their pharmaceutically acceptable acid addition Salts. 10 . A method according to claim 8 wherein the advanced glycosylation endproduct-oxidized lipids are Selected from the group consisting of AGE-phospholipids, AGE-low den sity lipoproteins, and AGE-apolipoproteins.
11. The method of claim 1 wherein said analog of aminoguanidine is Selected from the group consisting of lysine, C.-hydrazinohistidine and hydrazine derivatives of the formula: 5,869,534 33 wherein R is a group of the formula and R is hydrogen or a lower alkyl group of 1-6 carbon atoms, a hydroxyethyl group, or together with R or R may be a lower alkylene bridge of 2-4 carbon atoms, R is hydrogen, amino, hydroxy, a lower alkyl group of 1-6 carbon atoms, or together with R or R is a lower alkylene bridge of 2-4 carbon atoms; R may also be an aminoalkylene group of the formula (CH)--R6 R wherein n is an integer of 2-7 and R and R7 are indepen dently a lower alkyl group of 1-6 carbon atoms or together form a part of a cycloalkyl or heterocyclic ring containing from 1 to 2 heteroatoms, of which at least one is nitrogen;
and the Second of Said heteroatoms is Selected from the group consisting of nitrogen, oxygen, and Sulfur, with the proviso that when the second of said heteroatoms of the heterocyclic ring is nitrogen and forms a piperazine ring; it may be optionally substituted by a substituent that is iden tical to the portion of the compound on the first nitrogen of the piperazine ring; R is hydrogen, a lower alkyl group of 1-6 carbon atoms, or together with R or R is a lower alkylene bridge of 2-4 carbon atoms, R is hydrogen, a lower alkyl group of 1-6 carbon atoms or together with R or R is a lower alkylene bridge of 2-4 carbon atoms, or an amino group; Rs is hydrogen, or a lower alkyl group of 1-6 carbon atoms, with the proviso that at least one of R, R2, R, R or Rs is other than hydrogen; or R is an acyl or a lower alkylsulfonyl group of up to 10 carbon atoms and R is hydrogen; and their pharmaceutically acceptable acid addition Salts.
12. A method of reducing lipid oxidation in a non-diabetic mammal to prevent end Stage renal disease comprising administering to Said mammal an amount of an agent capable of controlling the formation of AGES in Said mammal, wherein Said agent is Selected from the group consisting of aminoguanidine or an analog thereof.
13. The method of claim 12 wherein said analog of aminoguanidine is Selected from the group consisting of lysine, C.-hydrazinohistidine and hydrazine derivatives of wherein R is a group of the formula and R is hydrogen or a lower alkyl group of 1-6 carbon atoms, a hydroxyethyl group, or together with R or R may be a lower alkylene bridge of 2-4 carbon atoms, R is hydrogen, amino, hydroxy, a lower alkyl group of 1-6 carbon atoms, or together with R or R is a lower alkylene bridge of 2-4 carbon atoms; R may also be an aminoalkylene group of the formula -(CH)--R.
wherein n is an integer of 2-7 and R and R7 are indepen dently a lower alkyl group of 1-6 carbon atoms or together form a part of a cycloalkyl or heterocyclic ring containing from 1 to 2 heteroatoms, of which at least one is nitrogen;
and the second of said heteroatoms is selected from the group consisting of nitrogen, oxygen, and Sulfur, with the proviso that when the second of said heteroatoms of the heterocyclic ring is nitrogen and forms a piperazine ring; it may be optionally substituted by a substituent that is iden tical to the portion of the compound on the first nitrogen of the piperazine ring; R is hydrogen, a lower alkyl group of 1-6 carbon atoms, or together with R or R is a lower alkylene bridge of 2-4 carbon atoms, R is hydrogen, a lower alkyl group of 1-6 carbon atoms or together with R or R is a lower alkylene bridge of 2-4 carbon atoms, or an amino group; Rs is hydrogen, or a lower alkyl group of 1-6 carbon atoms, with the proviso that at least one of R, R2, R, R or Rs is other than hydrogen; or R is an acyl or a lower alkylsulfonyl group of up to 10 carbon atoms and R is hydrogen; and their pharmaceutically acceptable acid addition Salts.
